Objective: Two experiments were conducted to determine the content of digestible energy (DE) and metabolizable energy (ME) as well as the apparent ileal digestibility (AID) and standardized ileal digestibility (SID) of crude protein (CP) and amino acids (AA) in barley grains obtained from Australia, France or Canada. Methods: In Exp. 1, 18 growing barrows (Duroc×Landrace×Yorkshire; 31.5±3.2 kg) were indi vidually placed in stainlesssteel metabolism crates (1.4×0.7×0.6 m) and randomly allotted to 1 of 3 test diets. In Exp. 2, eight crossbred pigs (30.9±1.8 kg) were allotted to a replicate 3×4 Youden Square designed experiment with three periods and four diets. Two pigs received each diet during each test period. The diets included one nitrogenfree diet and three test diets. Results: The relative amounts of gross energy (GE), CP, and all AA in the Canadian barley were higher than those in Australian and French barley while higher concentrations of neutral deter gent fiber, acid detergent fiber, total dietary fiber, insoluble dietary fiber and βglucan as well as lower concentrations of GE and ether extract were observed in the French barley compared with the other two barley sources. The DE and ME as well as the SID of histidine, isoleucine, leucine and phenylalanine in Canadian barley were higher (p<0.05) than those in French barley but did not differ from Australian barley. Conclusion: Differences in the chemical composition, energy content and the SID and AID of AA were observed among barley sources obtained from three countries. The feeding value of barley from Canada and Australia was superior to barley obtained from France which is important information in developing feeding systems for growing pigs where imported grains are used.
INTRODUCTION
Barley is grown in many areas including Europe, Canada, the United States, and Australia, where it is primarily used for malt and livestock feeding [1] . Total global production of barley is approxi mately 140 million tons per year [2] , which ranks 4th in terms of global grain production after corn, rice, and wheat. Barley has higher concentrations of amino acids (AA) and fiber and lower concentrations of starch compared with corn, but the digestibility of the starch and AA in barley is lower than their digestibility in wheat and corn [3, 4] .
As a result of volatility in corn and wheat prices in Chinese market, feed manufacturers have shown interest in using imported barley as an alternative energy source to be incorporated into pig diets in situations where there is a price advantage for barley over corn and wheat. For that purpose, it is essential to have information on the energy content and ileal digestibility of AA to obtain the productive advantage of this type of formulation. We hypothesized that the chemical composition of barley samples from different countries are not similar and thus may have varied DE and ME content as well as AA digestibility. Therefore, the ob jectives of the current study were to determine the energy content and AA digestibility of these imported barley samples and to have a good knowledge of their nutritional value to ensure an accurate feed formulation.
MATERIALS AND METHODS
The protocol for this experiment was approved by the Institu tional Animal Care and Use Committee of China Agricultural University (Beijing, China). The study was conducted in the Swine Nutrition Research Center of the National Feed Engineer ing Technology Research Center (Chengde, Hebei, China).
Sources of ingredients
Imported hulled barley from Australia, France and Canada were obtained from the Nantong Port in the Jiangsu Province of China.
The chemical and AA composition of the barleys are presented in Table 1 .
Experiment 1
Experiment 1 was conducted to determine the digestible energy (DE) and metabolizable energy (ME) content of the barley ob tained from the three sources. Eighteen (Duroc×Landrace× Yorkshire) growing barrows (31.5±3.2 kg) were randomly allotted to 1 of 3 test diets (Table 2) . Each diet was fed to 6 barrows housed in individual metabolism crates for a 10d acclimation period followed by a 5d total but separate collection of feces and urine. The test diets were formulated to contain 96.9% of one of the three barley sources and 3.1% vitamins and minerals. Vitamins and minerals were supplied at a level estimated to meet or exceed the nutrient requirements for growing pigs recommended by the NRC [5] . The analyzed composition of the experimental diets is presented in Table 3 .
The pigs were individually placed in stainlesssteel metabolism crates (1.4×0.7×0.6 m) equipped with a water nipple and a feed ing trough and housed in an environmentally controlled room (22°C±2°C). The pigs were fed 4% of their body weight (BW) each day [6] . The daily feed allotment was divided into two equal sized meals provided at 08:30 h and 15:30 h. Pigs had ad libitum access to water throughout the experiment. Feed refusals and spillage were collected, dried, weighed and recorded.
Individual pig BW was obtained at the beginning of the ex periment. Feces were placed in plastic bags (one bag per pig) as soon as they appeared in the metabolism crates and were imme diately stored at -20°C. A bucket containing 50 mL of 6 N HCl was used to collect urine. Each day, the volume of collected urine was measured and 10% of the daily urinary collection was filtered and transferred into a screwcapped bottle and then stored at -20°C until needed for analysis [7] . At the end of the experiment, feces and urine were thawed, pooled by pig, homogenized and subsampled. Before analysis, fecal subsamples were dried for 72 h in a 65°C drying oven and ground through a 1mm screen.
Experiment 2
Exp. 2 was conducted to determine the apparent ileal digesti bility (AID) and standardized ileal digestibility (SID) of crude protein (CP) and AA in the barley from the three sources. Eight crossbred barrows (initial BW: 30.9±1.8 kg; Duroc×Landrace× Yorkshire), fitted with a Tcannula in the distal ileum, were all ott ed to a replicate 3×4 Youden Square designed experiment with three periods and four diets. Each test period lasted 9 d, with a 7d adaption to the diets followed by a 2d collection of ileal digesta from 08:00 h to 17:00 h using the procedures described by Stein et al [8] . The diets included one nitrogenfree diet which contained 68.9% cornstarch and 20% sucrose and three test diets which were formulated to contain 96.6% of the barley grain from each location as the sole source of AA (Table 2) . Two pigs re ceived each diet during each test period. The Nfree diet was used to determine the endogenous losses of nitrogen. Chromic oxide (0.30%) was used as an indigestible marker in all diets to deter mine AA digestibility using the indicator method. The analyzed AA composition of the experimental diets is shown in Table 4 . Pigs were equipped with a simple Tcannula near the distal ileum using the procedures described by Stein et al [8] . Pigs were weighed at the beginning of each period and supplied with feed at a level of 4% of their BW [9] . Two equalsized meals were pro vided daily at 08:00 and 17:00. The digesta was collected in a plastic bag and then stored at -20°C. Ileal digesta samples were thawed, mixed within animal and diet, and a subsample ob tained. The digesta subsamples were lyophilized in a vacuum freeze dryer (Tofflon Freezing Drying Systems, Minhang District, Shanghai, China) and ground through a 1mm screen for further chemical analysis.
Chemical analysis
The dry matter (DM, method 934.01), ether extract (EE, method 920.39), CP (method 990.03), βglucans (methods 995.16), ash (method 942.05), Ca (method 985.01), and P (method 985.01) percentages of the diets and barley samples were determined according to the procedures of the AOAC International (2005). Neutral detergent fiber (NDF) and acid detergent fiber (ADF) were determined using fiber bags (Model F57; Ankom Technol ogy, Macedon, NY, USA) and a fiber analyzer (ANKOM200 Fiber Analyzer; Ankom Technology, USA) following an adaptation of the procedure as described by Van Soest et al [10] . The con centration of NDF was analyzed using heatstable αamylase and sodium sulfite without correction for insoluble ash. Total dietary fiber (TDF) and insoluble dietary fiber (IDF) were analyzed ac cording to the procedures of AOAC (method 992.16; AOAC International, 2005). The gross energy (GE) of feces, urine, diets, and barley samples were measured using an automatic isoperibol oxygen bomb calorimeter (Parr 1281 Calorimeter; Parr Instru ment Company, Moline, IL, USA). Total starch was analyzed according to the enzymatic method described by Xiong et al [11] .
Samples of barley, diets and ileal digesta were analyzed for their AA content. With the exception of methionine, cysteine and tryptophan, the AA content was determined after hydro lysis with 6 N HCl at 110°C for 24 h using an AA Analyzer (Hitachi L8900, Tokyo, Japan). Methionine and cysteine were determined as methionine sulphone and cysteic acid using an AA Analyzer (Hitachi L8900, Japan) after cold performic acid oxidation overnight and hydrolyzing with 7.5 N HCl at 110°C for 24 h. Tryptophan was determined using high performance liquid chromatography (Agilent 1200 Series, Santa Clara, CA, USA) after LiOH hydrolysis for 22 h at 110°C. The chromium concentration in diets and ileal digesta were determined using a polarized Zeeman Atomic Absorption Spectrometer (Hitachi Z2000, Japan) after nitric acidperchloric acid wet ash sample preparation [12] .
Calculations
In Exp. 1, the apparent total tract digestibility (ATTD) of GE as well as the DE and ME content in the 3 diets was calculated ac cording to equations obtained from Kong and Adeola [6] :
Where GE I , GE F , and GE U are GE intake, output in feces, and output in urine (MJ/d), respectively; DMI is dry matter intake (kg/d).
Barley was assumed to be the only source of energy in the diet as the slight contribution of energy from the vitamin and mineral premix (3.1%) was assumed to be negligible. The DE and ME contributed by each barley was calculated by dividing the total by 0.969. The DE and ME used in the calculation were apparent measurements because endogenous losses of energy and nutri ents were not accounted for [13] .
In Exp. 2, barley was the sole source of CP and AA in the test diets. Therefore, the AID and SID for AA and CP in the test diets was equal to that of the barley. Values for endogenous losses, AID and SID of CP and AA in the diets were calculated according to equations described by Stein et al [14] .
Statistical analysis
Outliers were tested using the UNIVARIATE procedure (SAS Inst. Inc., Cary, NC, USA). In Exp. 1, the data for the ATTD of GE and the DE and ME content were analyzed as a completely randomized design using the general linear model procedure (SAS Inst. Inc., USA), with pig as the experimental unit. In Exp. 2, data were analyzed using the MIXED procedure (SAS Inst. Inc., USA). The statistical model for the digestibility values had diet as a fixed effect and period and pig as random effects. Multiple comparisons were conducted using Tukey's method. In all anal yses, the differences were considered significant if p<0.05.
RESULTS AND DISCUSSION

Chemical composition of barley varieties
As shown in Table 1 , the GE and CP content in Canadian barley were numerically greater than those in Australian and French barley. The highest concentration of NDF, ADF, TDF, IDF, and βglucan as well as the lowest GE and EE percentage were ob served in French barley. Variations in fiber content among the barley samples were largely a reflection of the amount of hull in the barley. The GE contents of the French and Australian barleys were similar to the average value reported by NRC [5] while the GE of Canadian barley was greater than the value published in NRC [5] . In addition, the content of EE and ash were higher and the content of CP was lower among the three barley samples in comparison with the respective average values published by NRC [5] .
The average values of GE (n = 56), NDF (n = 65), ADF (n = 69), and CP (n = 159) in barley were 16.1 MJ/kg, 18.5%, 5.8%, and 10.8%, respectively. The nutritive values are obtained from the feed nutrient database maintained at the University of Illinois [1] . Fairbairn et al [15] also reported that 5 springseeded cov ered barley varieties grown on the Canadian prairies ranged from 16.2 to 16.3 MJ/kg in GE (90% DM), 22.3% to 25.6% in NDF (90% DM), 5.7% to 7.2% in ADF (90% DM), 11.8% to 13.6% in CP (90% DM), 1.6% to 2.4% in EE (90% DM), and 3.3% to 3.8% in βglucan, which were greater than the values found in the cur rent study except the GE, EE, and βglucan content. Villamide et al [16] observed that eight Spanish barley cultivars including 4 spring cultivars and 4 winter cultivars ranged from 18.1 to 18.6 MJ/kg in GE (DM), 11.2% to 16.5% in CP (DM) and 3.30% to 4.40% in βglucan (DM). In addition, the contents of CP, NDF, and ADF in hulled barley variety from Italy [17] were clearly different from the corresponding indexes of barley from Spain [18] . It is possible that barley variety and its growing conditions influence the outcome because these factors may impact its nutri tional composition, considering that relatively large variability in the nutritional value of barley has been reported.
The content of all AA were greater in Canadian barley than the other two barleys which is consistent with its higher per centage of CP. However, the CP and AA content of barley samples in the current experiment were lower than that in a Canadian barley cultivar exported to Mexico [19] . Brestenský et al [20] reported that the CP content of barley was 14.1% and greater than that in the present study. So, the content of all AA were also higher than that in the three barleys used in the experiment. With the exception of histidine and methionine, the percentages of indispensable AA in the Canadian barley were slightly higher than the data published by NRC [5] . However, the percentages of indispensable AA in Australian and French barleys were similar or even slightly lower than the data published by NRC [5] . This may be attributed to the higher protein content in the Canadian barley cultivar than in the Australian and French bar leys used in the present study. The inconsistent nutritive value of barley in the current study may be caused by the fact that the barley samples from each country were mixed by certain varieties and then exported to China. It is comprehensible that the nutri ent contents of three barley samples were different with the value of a single barley variety in literatures and the average value recom mended by NRC [5] .
Energy concentration and energy digestibility
There were no differences in the daily GE intake and the daily loss of GE in feces and urine among pigs fed the three barley grains (Table 5 ). This is consistent with the results reported by Wang et al [21] who showed that no differences were found in daily balance of gross energy between two barley cultivars with different fiber content. The DE and ME in Canadian barley were higher (p<0.01) than in French barley and did not differ from the Australian barley. No differences were observed in the ATTD of GE among the three barley samples. A review by Stein et al [1] showed that the DE and ME in 17 and 7 barley samples averaged 12.8 and 12.2 MJ/kg, respectively. These values were lower than the values obtained in the present experiment. The probably rea son was that the different sources of barley used in the database maintained at the University of Illinois (http://nutrition.ansci. illinois.edu). An explanation for the differences in the DE and ME of the three barleys in this study may be that Canadian barley had a higher GE and relatively lower fiber and βglucan con centration in comparison with the other two barley samples. There is significant variability in the concentrations of fiber in barley and in general, the greater the percentage of fiber, the less digestible energy is present in the barley [15] . It confirmed the fact that DE and ME levels were higher in Canadian barley in composition with that in French barley.
Digestibility of crude protein and amino acid
The AID and SID of CP and all AA are shown in Table 6 , 7. In the present study, the AID of histidine, phenylalanine and valine in France barley were lower (p<0.01) than those in Canadian and Australian barley. The SID of histidine, isoleucine, leucine and phenylalanine in Canadian barley were greater (p<0.01) than those in French barley and did not differ from Australian barley.
The variation in SID of AA among Canadian and French bar ley can be attributed to different contents of antinutritional factors present in barley, including βglucans (mixedlinked non starch polysaccharides) and NDF [22, 23] . Jondreville et al [24] observed that βglucan in barley may restrict the access to intra cellular nutrients or raise the viscosity of the luminal content, and thereby limit the physical exposure of substrates to the diges tive enzymes and to the intestinal wall. The SID values from this study were comparable to those reported by Sauvant et al [13] .
In comparison with the Canadian barley, most of the SID of AA in French barley were lower, presumably because the elevated level of βglucans increases digesta viscosity, which reduces inter actions between nutrients and the digestive enzymes [25] and interferes with digestion or absorption of nutrients along the alimentary tract [26] . The French barley sample, with a lower content of CP and a higher fiber content, also had a lower AID and SID for most AA. This result may be due to differences in dietary fiber content among the barley samples, which can influence the endogenous loss of AA and AA digestibility [27] . Schulze et al [28] observed that AA digestibility could be reduced by increasing dietary NDF content. In addition, the presence of high levels of indigestible fiber in the diet reduced the ability of fiber, AA and peptides to be absorbed in the gastrointestinal tract and thus decrease the digestibility of protein and AA in pigs [29, 30] .
In conclusion, there were relevant differences among barleys obtained from the three countries in their chemical composition, energy content and the SID and AID of AA. The results from this research suggest that the feeding value of barleys from Canada and Australia are superior to those obtained from France.
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